INTRODUCTION {#sec1-1}
============

Injury is the leading cause of death of all Americans aged 1-35, and one of the leading causes of death and disability in the world. In 2004, traumatic injury accounted for 30 million emergency room visits in the United States and 10% of the nation\'s total medical expenditures.\[[@ref1]\] Longitudinal psychological and medical sequelae are common after trauma, and a significant proportion of traumas are re-injuries to the same individual.\[[@ref2][@ref3][@ref4][@ref5][@ref6][@ref7]\]

One of the important components of improving outcomes and decreasing disparities is the ability to detect early post-operative wound infections, poorly healing injuries, and mental health disturbances, such as acute traumatic stress disorder (ATSD) or post-traumatic stress disorder (PTSD), which may occur post-discharge. For this reason, trauma outpatient follow-up is very important, but compliance can be poor. Clinical factors such as older age and lower severity of injury that predict ambulatory failure to follow-up in trauma patients.\[[@ref8][@ref9]\] But socioeconomics and accessibility likely also play a role, as lower neighborhood income determined by census tract and being uninsured or having public insurance have been shown to be associated with higher emergency department (ED) utilization after trauma.\[[@ref10]\]

The Patient Protection and Affordable Care Act (PPACA) seeks to improve health in part through extension of Medicaid insurance benefits to cover an additional 15 million young and middle-aged adults.\[[@ref11][@ref12]\] Trauma patients are typically young and frequently uninsured. They may be particularly affected by the planned changes in insurance coverage, and may lead to cost savings by decreasing costly ED visits and unplanned re-admissions, from early detection of potential complications.\[[@ref13]\] Social and mental health sequelae may also be addressed earlier and potentially prevent re-injury, depression, or health-related hospitalizations. We aimed to determine the effects of patient insurance status, inpatient consultations with post-discharge care planning, and post-discharge completion of scheduled follow-up on successful ambulatory follow-up and avoidance of ED utilization after trauma, and implications of the PPACA on our results.

MATERIALS AND METHODS {#sec1-2}
=====================

We conducted a retrospective analysis of clinical and administrative data and rates of healthcare utilization among trauma patients. The study was conducted at an urban level I trauma center in Chicago. All trauma patients discharged alive from the trauma service between April 1, 2005 and April 1, 2010 were included in this study. The state of Illinois has a standard set of trauma activation criteria that are based on both mechanism (e.g. motor vehicle collision with speeds greater than 35 mph) and physiology (advanced pregnancy, systolic blood pressure less than 90 mmHg). A typical trauma service is a heterogeneous mix of patients who have suffered gunshot wounds, stab wounds, car crashes, falls, and other injuries, but typically have required surgery or have suffered polytrauma with injuries to several organ systems or parts of the body. Patients who suffered isolated orthopedic or neurologic injuries and admitted to other services were not included in this analysis.

Patients were identified using the hospital trauma registry for this period (*n* = 3530) and were matched to clinical data stored in the hospital\'s electronic data warehouse (EDW). The EDW contains patient demographic and clinical information derived from the hospital electronic medical record as well as visit information from the outpatient clinics of the hospital\'s physician practice group. Using Structured Query Language (SQL) syntax, the EDW was queried to find matching records based on a unique patient identifier consisting of the date of initial Emergency Department (ED) arrival, patient name, date of birth, and medical record number as recorded in the trauma registry. The final match rate was 94.3% (3328/3530).

Approximately 50% of all trauma patients will require post-discharge follow-up, either with trauma surgery, orthopedic surgery, and/or other subspecialties. In order to focus on post-discharge same-hospital utilization, individuals who died prior to discharge and those who resided greater than 60 miles from the index hospital were excluded. We also queried the Social Security Death Index to exclude post-discharge deaths within 60 days, but found no matches. In cases when the same medical record number was associated with multiple visits, only the first visit was included in the dataset. The final dataset contained 2906 records.

Variables drawn from the EDW or the trauma registry and included in the final research dataset were patient age (continuous variable) race, insurance status, Trauma and Injury Severity Score (TRISS),\[[@ref14][@ref15]\] admission toxicology and blood alcohol test result, consult and care coordination service use (vascular surgery, neurosurgery, case management, social work, pastoral care), length of stay, discharge functional status (locomotion and expression Functional Independence Measure \[FIM\] score\[[@ref16]\]), and ICD-9 external causes of injury codes (E-codes for falls, motor vehicle collisions, and intentional injury). ICD-9 codes were used because ICD-10 codes have not yet been adopted routinely in the state of Illinois or the rest of the U.S.

The TRISS includes neurologic evaluation through the Glasgow Coma Score, select vital signs, and an anatomic injury survey. To correct for severe negative skewness of the TRISS distribution in this population of live discharges, the score was dichotomized to reflect individuals with an admission score of .99 compared to those with a lower score. Case management services at the study hospital were responsible for coordinating post-discharge medical care, while social work consultation addressed non-medical care needs. Both services resulted from elective consultation. Mechanism of injury was described as a dichotomous variable reflecting intentional and unintentional injury based on E-codes. E-codes for gunshot wounds, stab wounds, and blunt assault were used to identify intentional injury. Death within 3 years of discharge was identified using the Social Security Death Index.

Our primary outcome of interest was outpatient provider contact within 2 months of discharge. The secondary outcomes of interest were 2 month and 1 year Emergency Department use, 2 month and 1 year inpatient re-hospitalization at the study hospital, and 3 year mortality. We also created a dummy variable for the specific post-discharge pathway identifying patients who failed ambulatory follow-up within 2 months but were seen within the ED in this period.

The study protocol was approved by the Northwestern University Institutional Review Board.

Data analysis {#sec2-1}
-------------

We calculated descriptive statistics stratified by completion of 2 month post-discharge physician follow-up to appreciate differences in patient characteristics associated with completed short term follow-up and determine demographic variables to include in the multivariate analysis. Bivariate difference testing was performed on the stratified sample with the Student *t* test, chi-square test, or Fisher exact test as appropriate. We then compared the relationship between the variables described above and additional outcome variables (12 month outpatient visit, 2 month and 12 month ED visit, and 12 month re-hospitalization).

Using multivariate logistic regression, we then estimated adjusted models for each of these outcomes retaining covariates demonstrating significant associations with 2 month outpatient care and accounting for patient age, sex, race/ethnicity, insurance status, severity of injury (TRISS), length of stay, function at discharge and select inpatient consultation and care coordination services. To estimate severity of illness among patients presenting to the emergency department after discharge, we compared rates of re-hospitalization at 2 months after discharge. We calculated adjusted odds ratios (OR\'s) and 95% confidence intervals (95% CI). A significance threshold of *P* \< 0.05 was designated for statistical significance. Statistical analysis was performed using SAS 9.3.

RESULTS {#sec1-3}
=======

[Table 1](#T1){ref-type="table"} presents descriptive characteristics and bivariate comparisons stratified by 2 month follow-up status. In unadjusted analysis, white race, having private insurance, younger age, and female gender were significantly associated with the likelihood of completed 2 month follow-up. However, the values were not dramatic for age (mean age 36 vs. 37.4 years), nor were the percentages very different for gender or race; however, insurance status differed markedly between those who followed up and those who did not, with insured patients being much more likely to complete scheduled follow-up. Unsurprisingly, length of stay and severity of injury also predicted follow-up at 2 months.

###### 

Sample characteristics stratified by outpatient physician follow up within 2 months of discharge

![](JETS-7-256-g001)

Patients who did not complete 2 month follow-up were less likely to receive case management, social work, or pastoral care visits during their hospitalization. Finally, mean FIM on discharge was higher for expression and locomotion among individuals who did not follow-up.

There were no significant differences in the rates of illicit substance positivity on admission toxicology between those who followed up and those who did not in bivariate analysis. As a result, toxicology data was excluded from multivariate models.

Multivariate regression models were created to determine the independent effects of covariates on primary and secondary outcomes of interest \[[Table 2](#T2){ref-type="table"}\]. Covariates included patient age, gender, race, financial status, serum alcohol, mechanism of injury, severity of injury (TRISS), length of stay, function at discharge, consult service evaluation, and discharge planning.

###### 

Association between patient characteristics and healthcare utilization, adjusted odds ratios (AOR) with 95% confidence intervals (CI)
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Patients with Medicaid or self-pay insurance status were significantly less likely to see an outpatient physician within 2 and 12 months compared to patients with private insurance. Patients with Medicaid were significantly more likely to return for ED evaluation at 2 and 12 months compared to privately insured patients.

At 2 months after discharge, 7.9% (*n* = 99) of self-pay patients, 6.6% (*n* = 40) of Medicaid patients, and 3.7% (*n* = 31) of privately insured patients had sought ED care but not seen an outpatient physician (Adjusted Odds Ratio (AOR)\[95% CI\], 2.10\[1.31-3.36\] for uninsured patients compared to privately insured patients, AOR 2.61\[1.50-4.53\] for Medicaid patients compared to privately insured patients). There was no significant difference in the adjusted odds of this care pattern for individuals with Medicaid and those without insurance (AOR\[95% CI\] 1.30\[0.91-1.85\]). Adjusted odds of 2 month re-hospitalization was not significantly different between Medicaid patients and either uninsured (AOR\[95% CI\] 0.77\[0.54-1.10\]) or privately insured patients (AOR\[95% CI\] 1.18\[0.81-1.02\]).

Adjusting for indicators of injury severity (TRISS) and length of stay, case management evaluation was found to be associated with higher rates of both outpatient physician follow-up and ED use. Twelve month re-hospitalization was significantly less common among individuals without insurance and in individuals with improved locomotion at discharge. Better locomotion at discharge was regularly associated with lower rates of outpatient follow-up at 2 and 12 months and with higher rates of ED revisit at 2 and 12 months.

DISCUSSION {#sec1-4}
==========

While previous studies have identified associations between insurance status and likelihood of outpatient follow-up or ED revisit,\[[@ref9][@ref10]\] we believe our study is the first to analyze a comprehensive database describing post-discharge hospital and ambulatory follow-up data for a population of trauma patients. We looked specifically at a particularly concerning post-discharge utilization pathway in which patients fail to see an outpatient provider but are evaluated in the emergency department in the post-discharge period. This outcome in our well-powered analysis was similar in uninsured patients and Medicaid patients and was twice as common as among privately insured individuals, even when controlling for important potential confounders such as injury mechanism, age, and race. While differences in severity of illness leading to urgent ED revisit could account for these differences, our analysis did adjust for patient clinical characteristics and there was no difference in re-hospitalization across categories. These factors suggesting that higher rates of ED use were associated with ambulatory sensitive conditions.

Our findings must be considered in light of several limitations. First, we are unable to account for care obtained at facilities not captured by our clinical database. Similar to previous work in this area,\[[@ref10]\] we only report clinical use from one healthcare system in a major metropolitan center --- patients likely sought follow-up care at other centers beyond the site of initial treatment. There are six level I trauma centers and many neighborhood hospitals in the Chicago area; our institution is located downtown and may not be as convenient or as accessible as other hospitals. However, even if Medicaid-covered individuals were receiving ambulatory care at other facilities, it would not completely explain the observed 50% increase in same hospital ED utilization compared to privately insured patients. Second, this data set describes a uniquely American trauma patient population, particularly as it relates to health care financing. Though some of these findings may be applicable to lower SES groups in other countries, this is a limitation of the work.

The isolation of individual trauma centers' registries is a significant barrier to epidemiologic research on trauma follow-up and, importantly, risk factors for re-injury, which could be overcome through future collaboration. In addition, severity of injury and illness are likely the largest drivers of care utilization after injury. While we included some adjustment for these factors (age, LOS, TRISS, use of neurosurgery and vascular surgery consult services), it is possible that some findings may nonetheless reflect residual confounding. Finally, our cohort is relatively young, with a mean age of 36 and few elderly patients; the influence of Medicare versus Medicaid cannot be assessed with these data.

CONCLUSION {#sec1-5}
==========

Using a longitudinal database, which allowed for consideration of inpatient and outpatient healthcare utilization after injury, this work indicates that potential gains in health and value through improved access to outpatient services may be limited if this increased access is funded through expansion of Medicaid eligibility. While the ACA includes a two year initial period of payment equity between Medicaid and Medicare, there is reason for concern that in the long term health and savings, gains through increased access to the Medicaid program may be disappointing. Additional multicenter, prospective studies are needed to better define the improvement in healthcare access that is associated with provision of Medicaid to patients with traumatic injury.
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